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Abstract

One of the major goals for the U.S. Army Corps of Engineers Dissolved Gas Abatement Study is
to identify measures that could reduce levels of dissolved gas supersaturation in the Columbia
and Snake Rivers caused by spillway discharges. Attaining this goal could contribute
significantly to meeting water quality criteria and lowering gas bubble traumain resident and
migrating fish in theserivers. To achieve this goal, the Corps of Engineersis studying various
operational and structural alternatives using field investigations and computational modeling
tools to simulate the transport of dissolved gasin the river system.

Part 6 of the report series summarizes the development and application of a two-dimensional
depth-averaged hydrodynamic and water quality model (MASS2) to the McNary Reservoir of
the Lower Columbia and Snake River system. The report also describes the initial testing of the
FINS individual-based model that can be used to estimate fish exposure to dissolved gas.
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Two-Dimensional Hydrodynamic, Water Quality, and Fish
Exposure Modeling of the Columbia and Snake Rivers.
Part 6: McNary Reservoir

Under Biological Services Contract DACW68-96-D-0002, Delivery Order No. 8,
Battelle, Pacific Northwest Division is developing and applying a two-dimensional
hydrodynamic, transport model, and fish exposure model to the Lower Columbiaand
Snake River systems. Thiswork is an element of the U.S. Army Corps of Engineers
Dissolved Gas Abatement Program (DGAYS).

Part 6 of the report series describes the application of the model to the McNary Pool of
the Columbia and Snake Rivers. The modeled domain encompasses the following region:

* lceHarbor dam, at Snake rivermile (RM) 9.7
* Clover Idand, at about ColumbiaRM 328.5

* McNary dam, at Columbia RM 292.5.

1 Application of the Hydrodynamics and Water Quality Modelsto
McNary Pool

A two-dimensional-depth averaged hydrodynamics and transport model has been
developed and applied to the part of the Columbia and Snake Rivers that form the
McNary Dam pool. The model simulates time-varying distributions of the depth-
averaged velocities, water temperature, and total dissolved gas. Further details
concerning the model including the governing equations and solutions procedures are
provided in Part 1 of the report series (Richmond, Perkins, and Scheibe, 1998).

The section discusses the genera aspects of the application of the models to McNary
Pool. The data used to assign the bathymetry and boundary conditions are described in
Appendix A. Summaries of the field data used in the modeling study are provided in
Appendices B though D.

Hydrodynamics were calibrated and verified using 1996 and 1997 tailwater gage and
Acoustic Doppler Current Profiler (ADCP) data. Dissolved gas and temperature
calibration used the Summer 1996 pool study data and verification used the Spring 1996
pool study data.

1.1 Mode Grid

The computational grid was generated using the Gridgen 9.1 code. Gridgen 9.1is
software for the generation of 3D, multiple block, structured grids. The code was
developed for NASA Ames Research Center (Steinbrenner and Chawner, 1995).
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To create the grid, a data file containing discrete geographical locations that outline the
river shoreline was imported to Gridgen. In Gridgen, curves containing the data points
were created and joined to enclose 2-dimensional flow regions. Grid spacing was set in
each flow region and the grids were smoothed using the Gridgen élliptic solver. The
elliptic solver was used to minimize grid twist and skew. The flow regions were then
joined end to end in the downstream direction to make up the entire flow domain and the
entire 2-dimensional grid was written to file. Once the grid was created bottom elevations
in each cell were assigned using the bathymetric data and procedure described in
Appendix B.

The model grid for McNary pool is shown in Figure 1. Larger scale maps of the model
grid near the Ice Harbor dam and Clover I1sland boundaries are shown in Figure 2. Note
that several small islands were not included in the model and these were replaced with
bottom elevation approximately 2 ft below the low water surface elevation (the water is
about 2 ft deep where the islands are).
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Figurel. Model grid for McNary pool.
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Figure2. Model grid near Ice Harbor dam and Clover Island.
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1.2 Boundary Conditions

At Ice Harbor, spill and powerhouse flows were uniformly spread across the
corresponding part of the grid: spill to cells 1 to 10, and powerhouse flow to cells 11 to
19.

Two procedures were used to assign temperature and dissolved gas boundary conditions
at Ice Harbor Dam.

The first procedure to assign boundary conditions using the forebay dissolved gas data
and a dissolved gas sourcing function. Spill and powerhouse flow temperatures that were
assumed to be equal to each other and equal to the forebay temperature. Powerhouse
TDG concentrations were set using instrumentation in the forebay. Spillway TDG
concentrations were computed using the Ice Harbor sourcing function, presented by
Schnieder and Wilhelms (1997):

S, =1368-420e %1% (1)
where

S, = TDG saturation of spillway flow, percent; and
Qs = spillway flow, cfs.

Note that this sourcing function was developed prior to the installation of spill deflectors
in 1997. The Spring 1997 study (Appendix D) took place after the deflectors were
installed. Consequently, the calculated gas concentrations in the spillway using equation
(1) may not be representative of the actual conditionsin 1997. Therefore an updated gas
production relationship will be needed to apply the first procedure for the Spring 1997
field study.

The second procedure was to use the furthest upstream dissolved gas monitors to assign
both incoming flow temperature and dissolved gas concentrations. In the Spring and
Summer 1996 instruments were available at locations laterally across the river near the
end of the navigation lock guide wall (see Figure 2). During the Spring 1997 period the
nearest monitors were located at Snake River Mile 6.1 approximately 3.7 miles
downstream from Ice Harbor Dam.

The Clover Island boundary is located just below Clover Island near Kennewick,
Washington at about Columbia RM 289.5. A one-dimensional hydrodynamic model was
used to estimate Columbia River discharge and stage at this location. Figure 2 shows the
location of one-dimensional cross-sections locations relative to the model grid. The one-
dimensional model used operations at Priest Rapids, McNary, and Ice Harbor dams and
tributary inflows from the Y akima and Walla Rivers.

At the McNary Dam boundary the measured forebay elevation was used as the
downstream boundary condition for the model.
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Air and dew point temperature, wind speed, barometric pressure, and net incoming solar
radiation are the meteorological data used as model boundary conditions. These were
assigned uniformly over the entire McNary Pool. A single latitude and longitude was
used for the entire McNary pool: 46°N and 119°W. The data sources and data are
summarized in Appendices B through E. Surface heat flux was computed using the
method described in Appendix A.

1.3 Hydrodynamics Calibration and Verification

The model hydrodynamics were calibrated primarily using the Ice Harbor tailwater
elevation gage. Due to instrumentation problems the horizontal coordinates of the ADCP
data were subject to uncertain errors. Therefore, at thistime, use of the ADCP datawas
restricted to qualitative comparisons with the model simulations.

In all ssimulationsin this report atime step of 50 seconds was used. The simulations also
used constant longitudinal and lateral turbulent eddy viscosities of 0.2 ft*/s.

1.3.1 IceHarbor Tailwater

Thefirst step in the calibration procedure was to select a spatially uniform value of the
Manning roughness coefficient that would yield computed water surface elevationsin
satisfactory agreement with the Ice Harbor Dam tailwater gage. The Summer 1996 pool
study period was selected because ADCP velocity measurements were also available for
that period. Simulations were performed using Manning n values in the range of 0.026 to
0.030. Figure 3 compares the model simulation and measured tailwater elevation for an-
value of 0.027 which was chosen as the final parameter value to be used in the remainder
of the McNary Pool simulations. The model simulates the temporal changes well using
hourly dam operations data. The tailwater is somewhat under predicted (lessthan 0.5
difference) at stages above 345 ft.

The selected n-value was verified for both the Spring 1996 and 1997 pool study periods.
The verification results are shown in Figure 4 and Figure 5. Asin the Summer 1996 case
the model under predicts when the elevation is above 345 ft. However, during the Spring
1997 case the model dlightly over predicts the elevation. The temporal variations are not
aswell smulated in 1997 case and could be the result of using hourly operations data.
The inconsistency could be related to the fact that turbine units 3 and 5 were down most
of 1996 and unit 5 was down for all of 1997. Further simulations using the 5 minute
operations data could be performed to verify whether the gage elevation differences and
temporal differences can be addressed using finer temporal and spatial inflow conditions.

To approximate the effect of flow division that occurs near Columbia River Mile 324
where the small islands were not included the manning n was increased to 0.050.
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Figure 3. Comparison of ssmulated (M anning n=0.027) and measur ed water surface
elevation at thelce Harbor Dam tailwater gage for the Summer 1996 study period.
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Figure 4. Comparison of ssmulated (M anning n=0.027) and measured water surface
elevation at thelce Harbor Dam tailwater gage for the Spring 1996 study period.
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Figure 5. Comparison of ssmulated (M anning n=0.027) and measured water surface
elevation at thelce Harbor Dam tailwater gage for the Spring 1997 study period.

1.3.2 1996 ADCP Data

Once the manning n value was selected the model was run for the operational conditions
(Clover Idland flow, Ice Harbor spill and powerhouse flow, and McNary forebay
elevation) that existed when the 1996 ADCP measurements were performed. The
manning n value was not altered from the value of 0.027 selected from the tailwater
calibration. Simulated vel ocities are compared to the depth-averaged 1996 ADCP datain
Figure 6 through Figure 22.
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Figure 6. Simulated and observed depth-averaged velocities near |ce Harbor Dam

on 7-8-1996.
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Figure 7. Simulated and observed depth-averaged velocities near |ce Harbor Dam

on 7-8-1996.
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Figure 8. Simulated and observed depth-averaged velocities near Snake River Mile

8 on 7-8-1996.
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Figure 9. Simulated and observed depth-averaged velocities near Snake River Mile

6 on 7-8-1996.
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Figure 10. Smulated and observed depth-aver aged velocities near Snake River Mile

6 on 7-8-1996.
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Figure 11. Smulated and observed depth-aver aged velocities near Snake River Mile

20n 7-11-1996.
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Figure 12. Smulated and observed depth-aver aged velocities near Snake River Mile

1.50n 7-11-1996.
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Figure 13. Simulated and observed depth-aver aged velocities at the confluence of

the Columbia and Snake Rivers 2 on 7-11-1996.
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Figure 14. Smulated and observed depth-aver aged velocities near Columbia River

Mile 328 on 7-11-1996.
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Figure 15. Simulated and observed depth-aver aged velocities near Columbia River

Mile 326 on 7-11-1996.
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Figure 16. Simulated and observed depth-aver aged velocities at the confluence of

the Columbia and Snake Riverson 7-11-1996.
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Figure 17. Smulated and observed depth-aver aged velocities at the confluence of

the Columbia and Snake Riverson 7-11-1996.
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Figure 18. Simulated and observed depth-aver aged velocities near Columbia River

Mile 325 on 7-11-1996.
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Figure 19. Simulated and observed depth-aver aged velocities near Columbia River

Mile 319 on 7-11-1996.
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Figure 20. Simulated and observed depth-aver aged velocities near Columbia River
Mile 314 on 7-11-1996.
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Figure 21. Simulated and observed depth-aver aged velocities near Columbia River
Mile 306.5 on 7-11-1996.
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Figure 22. Smulated and observed depth-averaged velocitiesin the McNary Dam

forebay near Columbia River Mile 293 on 7-11-1996.

1.3.3 1997 ADCP Data

As was the case for the 1996 ADCP case, the model was run using operational conditions
(Clover Island flow, Ice Harbor spill and powerhouse flow, and McNary forebay
elevation) that existed when the 1997 ADCP measurements were performed. Again, the
manning n value was not atered from the value of 0.027 selected from the tailwater
calibration. Simulated vel ocities are compared to the depth-averaged 1997 ADCP datain

Figure 23 through Figure 48.
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Figure 23. Simulated and observed depth-averaged velocities near 1ce Harbor Dam

on 4-24-1997.
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Figure 24. Simulated and observed depth-averaged velocities near 1ce Harbor Dam

on 4-24-1997.

Battelle, Pacific Northwest Division

February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool 19

ADCP Transect 04-24-1997 08:24

Simulated
Observed

— 5fps

Study Set: IHR MCN SPR 97
Prepared: 13May1998

Figure 25. Simulated and observed depth-averaged velocities near 1ce Harbor Dam
on 4-24-1997.
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Figure 26. Smulated and observed depth-averaged velocities near Snake River Mile
7 on 4-24-1997.
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Figure 27. Smulated and observed depth-aver aged velocities near Snake River Mile

7 0n 4-24-1997.
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Figure 28. Smulated and observed depth-aver aged velocities near Snake River Mile

6 on 4-24-1997.
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Figure 29. Smulated and observed depth-aver aged velocities near Snake River Mile

6 on 4-24-1997.
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Figure 30. Smulated and observed depth-aver aged velocities near Snake River Mile

5o0n 4-24-1997.
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Figure 31. Smulated and observed depth-aver aged velocities near Snake River Mile

4.5 on 4-24-1997.

ADCP Transect 04-24-1997 13:32

Simulated
Observed

— 5fps

Study Set: IHR MCN SPR 97
Prepargds 13May1998

Figure 32. Smulated and observed depth-aver aged velocities near Snake River Mile

2 0n 4-24-1997.
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Figure 33. Smulated and observed depth-aver aged velocities at the confluence of
the Columbia and Snake Riverson 4-24-1997.
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Figure 34. Smulated and observed depth-averaged velocities near Columbia River
Mile 323.5 on 4-24-1997.
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Figure 35. Simulated and observed depth-aver aged velocities near Columbia River

Mile 328 on 4-24-1997.
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Figure 36. Simulated and observed depth-aver aged velocities near Columbia River

Mile 327 on 4-24-1997.
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Figure 37. Smulated and observed depth-aver aged velocities at the confluence of

the Columbia and Snake Riverson 4-29-1997.
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Figure 38. Simulated and observed depth-aver aged velocities at the confluence of

the Columbia and Snake Riverson 4-29-1997.
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Figure 39. Simulated and observed depth-aver aged velocities at the confluence of

the Columbia and Snake Riverson 4-29-1997.
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Figure 40. Simulated and observed depth-aver aged velocities near Columbia River

Mile 321 on 4-29-1997.
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Figure4l. Smulated and observed depth-averaged velocities near Columbia River

Mile 319 on 4-29-1997.
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Figure 42. Simulated and observed depth-aver aged velocities at Wallula Gap near

Columbia River Mile 313 on 4-30-1997.
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Figure 43. Simulated and observed depth-aver aged velocities at Wallula Gap near

Columbia River Mile 313 on 4-30-1997.
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Figure 44. Simulated and observed depth-aver aged velocities near Columbia River

Mile 309 on 4-30-1997.
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Figure 45. Simulated and observed depth-aver aged velocities near Columbia River

Mile 305 on 4-30-1997.
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Figure 46. Simulated and observed depth-aver aged velocities near Columbia River

Mile 302 on 4-30-1997.
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Figure 47. Smulated and observed depth-aver aged velocities near Columbia River
Mile 299 on 4-30-1997.
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Figure 48. Simulated and observed depth-aver aged velocities at the McNary Dam
forebay near Columbia River Mile 293.5 on 4-30-1997.
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1.3.4 Discussion

The model tailwater calibration and verification showed good agreement with the Ice
Harbor Tailwater gage over awide range of flows. Differences in elevation were less
than 0.5 ft. It is not certain why the model under predicts the elevation at times during the
1996 simulations, but performs well at higher stages during 1997. As noted above, this
might be related to turbine unit operations.

The comparisons between the simulated vel ocities and those measured using the ADCP
are generally good at the majority of transects. Adjusting the roughness coefficient
distribution to better match the data was not warranted at this time because of the
uncertainty in the ADCP coordinates.

1.4 Water Quality Calibration and Verification

The model simulates the transport of the mass concentration of total dissolved gas (TDG)
in water. Total dissolved gasis assumed to be composed of air in the following fractions:
nitrogen (78.084%), oxygen (20.946%), argon (0.934%), and carbon dioxide (0.0320%).
The conversion from total dissolved gas concentration to total pressure and/or saturation
and vice versais done using the relationships in Colt (1984) assuming that the TDG isin
the air ratios given above. For the range of conditions simulated here +- 5% saturation
corresponds to approximately +- 1.5 mg/l TDG concentration.

The principal model parameter that was varied in the water quality simulations was the
lateral mixing coefficient. A spatially uniform and constant value of 0.5 ft?/s was found to
produce the best overall agreement with the field data. These simulations were all
performed setting the surface gas exchange to zero. This provides a baseline with which
to compare different parameterizations for gas exchange at the air-water interface.
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1.4.1 1996 Summer Simulation

Boundary Conditionsusing I ce Harbor Sourcing Function and Forebay Data

Comparisons between the measurements and simul ations using an upsteam boundary
condition devel oped from the empirical project gas sourcing function and the forebay
FMS monitor are shown in the Figures below. This case is denoted as FMS-BC in the
figure captions.

Battelle, Pacific Northwest Division February 1999
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Figure 49. Temperature and total dissolved gastime series comparisons near |ce

Harbor Dam for the Summer 1996 pool study (FM S-BC).
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Figure 50. Total dissolved gas pressure and saturation time series comparisons near
IceHarbor Dam for the Summer 1996 pool study (FM S-BC).

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool

35

22

Temperature (C)

16 — —

14 L L ‘ L L ‘ L L ‘ L L ‘ L L ‘ L ‘ L L

12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:0
Jul Jul Jul Jul Jul Jul Jul Jul
7 8 8 9 9 10 10 11

36

34 — —

Total Diss. Gas (mg/l)

28 L L ‘ L L ‘ L L ‘ L L ‘ L L ‘ L ‘ L L

12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:0
Jul Jul Jul Jul Jul Jul Jul Jul
7 8 9 9 10 10 11

Observed @ FMS_IDSW —x—— Simulated @ FMS_IDSW

Figure51. Temperature and total dissolved gastime series comparisons near the
IceHarbor Fixed Monitor for the Summer 1996 pool study (FM S-BC).
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Figure 52. Total dissolved gastime series comparisons near the Ice Harbor Fixed
Monitor for the Summer 1996 pool study (FMS-BC).
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Figure 53. Temperature and total dissolved gastime series comparisons near Snake
River Mile 6.1 for the Summer 1996 pool study (FM S-BC).
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Figure 54. Total dissolved gastime series comparisons near Snake River Mile 6.1 for
the Summer 1996 pool study (FMS-BC).
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Figure 55. Temperature and total dissolved gastime series comparisons near Snake
River Mile 2.2 for the Summer 1996 pool study (FM S-BC).
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Figure 56. Total dissolved gastime series comparisons near Snake River Mile 2.2 for
the Summer 1996 pool study (FMS-BC).
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Figure 57. Temperature and total dissolved gas time series comparisons near
Columbia River Mile 326 for the Summer 1996 pool study (FMS-BC).
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Figure 58. Total dissolved gastime series comparisons near Columbia River Mile
326 for the Summer 1996 pool study (FM S-BC).
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Figure 59. Temperature and total dissolved gas time series comparisons near
Columbia River Mile 323.5 for the Summer 1996 pool study (FM S-BC).
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Figure 60. Total dissolved gastime series comparisons near Columbia River Mile

323.5 for the Summer 1996 pool study (FM S-BC).
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Figure 61. Temperature and total dissolved gas time series comparisons near

Columbia River Mile 314 for the Summer 1996 pool study (FMS-BC).
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Figure 62. Total dissolved gastime series comparisons near Columbia River Mile
314 for the Summer 1996 pool study (FM S-BC).
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Figure 63. Temperature and total dissolved gas time series comparisons near
Columbia River Mile 306 for the Summer 1996 pool study (FMS-BC).
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Figure 64. Total dissolved gastime series comparisons near Columbia River Mile
306 for the Summer 1996 pool study (FM S-BC).
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Figure 65. Temperature and total dissolved gastime series comparisons at the
McNary Fixed Monitor for the Summer 1996 pool study (FMS-BC).
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Figure 66. Total dissolved gastime series comparisons at the McNary Fixed Monitor
for the Summer 1996 pool study (FMS-BC).
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
IHRGWXBP 17.73 18.14 0.47 0.73 0.64
IHRGWCBMP 17.69 18.14 0.47 0.73 0.67
IHRGWXCP 17.65 18.13 0.47 0.73 0.69
IHRGWXDP 17.75 18.13 0.47 0.72 0.63

Concentration (mg/l)

IHRGWXBP 30.77 29.63 0.45 0.58 1.19
IHRGWCBMP 31.79 29.64 0.53 0.58 2.23
IHRGWXCP 31.88 30.68 0.51 0.44 1.27
IHRGWXDP 32.65 30.77 0.35 0.44 1.92

Gas Pressure (mmHg)

IHRGWXBP 889.88 864.81 8.94 12.85 28.23
IHRGWCBMP 918.43 864.88 13.45 12.94 56.96
IHRGWXCP 920.13 894.83 13.04 3.53 27.70
IHRGWXDP 943.70 897.21 7.29 3.48 46.90

% Saturation

IHRGWXBP 118.06 114.74 1.38 2.02 3.74
IHRGWCBMP 121.85 114.75 1.86 2.03 7.55
IHRGWXCP 122.08 118.72 1.79 0.35 3.68
IHRGWXDP 125.21 119.03 0.86 0.20 6.23

Table 1. Statistical summary of measurements and simulations near |ce Harbor
Dam for the Summer 1996 pool study (FMS-BC).

Station +1.00C | +£1.00 mg/l | +38.00 mmHg [+5.00% Sat.
IHRGWXBP 88.42 38.95 82.63 81.58
IHRGWCBMP | 86.84 0 26.32 25.26
IHRGWXCP 86.32 38.95 77.89 77.89
IHRGWXDP 87.89 0.53 9.47 7.37

Table 2. Percentage of time during the simulation wher e the computed valueis
within the given variance compared to the measurements. Stations near Ice Harbor
Dam for the Summer 1996 pool study (FMS-BC).
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
FMS_IDSW 17.54 18.15 0.55 0.69 0.77

Concentration (mg/l)
FMS_IDSW 31.50 30.46 0.37 0.42 1.07

Gas Pressure (mmHg)
FMS_IDSW 907.53 888.76 4.33 3.22 19.10

% Saturation
FMS_IDSW 120.4 117.91 0.49 0.59 2.53

Table 3. Statistical summary of measurements and simulationsfor the Summer 1996
pool study (FM S-BC).

Station +1.00 C +1.00 mg/l +38.00 mmHg [+5.00% Sat.

FMS_IDSW 83.16 58.42 100 100

Table 4. Percentage of time during the simulation wher e the computed valueis
within the given variance compared to the measurements. FMS-BC

Battelle, Pacific Northwest Division February 1999
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
MCNO00624P 17.83 18.14 0.48 0.70 0.59
MCNO0612P 17.92 18.14 0.35 0.70 0.58
MCNOO0615P 17.84 18.20 0.51 0.69 0.61
IHR00615B 17.97 18.15 0.48 0.69 0.52

Concentration (mg/l)

MCNO00624P 30.75 30.31 0.39 0.43 0.48
MCNO00612P 31.51 30.39 0.64 0.43 1.41
MCNO0615P 29.68 29.73 0.49 0.50 0.23
IHR00615B 31.30 30.46 0.32 0.42 0.87

Gas Pressure (mmHg)

MCNO00624P 891.03 884.40 6.02 4.37 8.14
MCNO00612P 914.24 886.69 21.39 3.65 35.12
MCNO0615P 860.64 868.65 10.19 10.68 13.12
IHR00615B 909.36 888.77 4.36 3.23 20.90

% Saturation

MCNO00624P 118.22 117.34 0.97 0.82 1.08
MCNO00612P 121.47 117.64 2.79 0.70 4.96
MCNOO615P 114.18 115.25 1.57 1.73 1.74
IHR00615B 120.65 117.91 0.53 0.59 2.77

Table 5. Statistical summary of measur ements and simulationsfor the Summer 1996
pool study (FMS-BC).

Station £1.00C +1.00 mg/l £38.00 mmHg [+5.00% Sat.
MCNO00624P 90 98.42 100 100
MCNO00612P 91.05 64.21 69.47 69.47
MCNO00615P 88.42 100 100 100
IHR00615B 92.63 80.53 100 100

Table 6. Per centage of time during the ssimulation where the computed valueis
within the given variance compar ed to the measurements. FMS-BC

Battelle, Pacific Northwest Division February 1999
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)
MCNO00225P 17.74 18.24 0.50 0.62 0.69
MCNO00221P 17.70 18.24 0.50 0.63 0.72
MCNO00223P 17.72 18.24 0.59 0.63 0.73
Concentration (mg/l)
MCNO00225P 34.83 30.24 0.71 0.39 4.62
MCNO00221P 30.05 30.05 0.39 0.40 0.20
MCNO00223P 29.52 29.98 0.41 0.40 0.48
Gas Pressure (mmHg)
MCNO00225P 1005.42 884.03 11.53 5.90 122.02
MCNO00221P 868.82 878.46 8.55 6.93 12.37
MCNO00223P 854.13 876.34 9.33 7.36 23.24
% Saturation
MCNO00225P 133.39 117.29 1.86 0.95 16.19
MCNO00221P 115.27 116.55 1.18 1.16 1.64
MCNO00223P 113.32 116.27 1.39 1.25 3.08

Table 7. Statistical summary of measur ements and simulationsfor the Summer 1996
pool study (FMS-BC).

Station +1.00C | £1.00 mg/l | +38.00 mmHg [+5.00% Sat.
MCNO00225P | 83.68 0 0 0
MCNO00221P | 82.63 100 100 100
MCNO00223P | 80.53 100 98.42 97.89

Table 8. Percentage of time during the simulation wher e the computed valueis
within the given variance compared to the measurements. FMS-BC
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
MCN32613P 16.90 16.93 0.28 0.24 0.08

Concentration (mg/l)
MCN32613P 31.31 31.31 0.46 0.45 0.05

Gas Pressure (mmHg)
MCN32613P 891.04 891.98 12.73 12.67 1.85

% Saturation
MCN32613P 118.22 118.35 2.06 2.06 0.25

Table9. Statistical summary of measurements and simulationsfor the Summer 1996
pool study (FM S-BC).

Station £1.00C +1.00 mg/l £38.00 mmHg [+5.00% Sat.

MCN32613P 100 100 100 100

Table 10. Per centage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measurements. FMS-BC

Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
MCN32353P 17.05 16.93 0.28 0.24 0.20
MCN32352P 17.12 16.97 0.28 0.23 0.20
MCN32351P 17.39 18.13 0.36 0.51 0.84

Concentration (mg/l)

MCN32353P 31.12 31.32 0.46 0.45 0.21
MCN32352P 31.18 31.29 0.41 0.44 0.16
MCN32351P 30.68 30.19 0.37 0.34 0.56

Gas Pressure (mmHg)

MCN32353P 888.02 891.95 11.70 12.72 4.69
MCN32352P 890.84 892.13 11.12 12.70 3.77
MCN32351P 881.29 880.62 8.67 7.79 5.69

Battelle, Pacific Northwest Division February 1999
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% Saturation

MCN32353P 117.82 118.34 1.93 2.08 0.62
MCN32352P 118.20 118.37 1.87 2.07 0.50
MCN32351P 116.92 116.83 1.40 131 0.75

Table 11. Statistical summary of measurements and simulations for the Summer

1996 pool study (FMS-BC).

Station +1.00 C +1.00 mg/l +38.00 mmHg [+5.00% Sat.
MCN32353P 100 100 100 100
MCN32352P 100 100 100 100
MCN32351P 74.74 96.84 100 100

Table 12. Percentage of time during the simulation wher e the computed valueis

within the given variance compared to the measurements. FMS-BC

Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)
MCN31423P 17.23 17.28 0.28 0.29 0.13
MCN31422P 17.91 18.53 0.40 0.70 0.75
MCN31421P 17.49 17.54 0.36 0.33 0.21
MCN31424P 17.11 17.06 0.26 0.31 0.11
Concentration (mg/l)
MCN31423P 31.01 31.04 0.47 0.41 0.19
MCN31422P 29.86 30.02 0.95 0.86 1.42
MCN31421P 30.30 30.82 0.66 0.35 0.77
MCN31424P 31.20 31.26 0.49 0.48 0.15
Gas Pressure (mmHg)

MCN31423P 888.43 890.29 13.33 13.11 5.37
MCN31422P 866.85 882.96 24.06 34.85 47.05
MCN31421P 872.45 888.69 16.37 11.98 22.00
MCN31424P 891.49 892.74 14.31 15.43 4.22

% Saturation
MCN31423P 117.87 118.12 2.07 2.08 0.72
MCN31422P 115.01 117.15 3.44 473 6.24
MCN31421P 115.75 117.91 2.39 1.91 2.92
MCN31424P 118.27 118.45 2.24 2.39 0.56

Table 13. Statistical summary of measurements and simulations for the Summer

1996 pool study (FMS-BC).
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Station +1.00C +1.00 mg/l £38.00 mmHg [+5.00% Sat.
MCN31423P 100 100 100 100
MCN31422P 80.00 52.63 54.74 54.21
MCN31421P 100 82.63 91.05 91.05
MCN31424P 100 100 100 100

Table 14. Per centage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measurements. FMS-BC

Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)
MCN30661P 17.52 18.32 0.27 0.60 0.88
MCN30663P 17.43 17.61 0.23 0.31 0.23
Concentration (mg/l)

MCN30661P 30.19 30.13 0.42 0.92 1.06
MCN30663P 30.74 30.96 0.44 0.33 0.35

Gas Pressure (mmHg)
MCN30661P 870.24 882.46 10.21 35.00 37.53
MCN30663P 883.98 893.82 11.00 11.32 13.28

% Saturation
MCN30661P 115.50 117.11 1.75 4.55 4.97
MCN30663P 117.32 118.62 1.87 1.75 1.76

Table 15. Statistical summary of measurements and simulations for the Summer
1996 pool study (FMS-BC).

Station +1.00 C | £1.00 mg/l | £38.00 mmHg [+5.00% Sat.

MCN30661P | 75.76 69.09 52.12 50.30
MCN30663P 100 100 100 100

Table 16. Percentage of time during the simulation wher e the computed valueis
within the given variance compared to the measurements. FMS-BC

Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
FMS_MCQW 18.85 17.47 0.51 0.27 1.48
FMS_MCQO 17.81 17.89 0.70 0.37 0.57
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Concentration (mg/l)
FMS_MCQW 30.37 3131 0.26 0.57 1.10
FMS_MCQO 30.36 30.55 0.22 0.62 0.56

Gas Pressure (mmHg)
FMS_MCQW 897.70 901.36 7.81 19.42 22.74
FMS_MCQO 879.61 887.33 14.10 23.42 19.85

% Saturation
FMS_MCQW 118.68 119.55 1.41 2.33 3.21
FMS_MCQO 116.29 117.69 1.69 2.78 2.92

Table 17. Statistical summary of measurements and simulationsfor the Summer
1996 pool study (FMS-BC).

Station +1.00 C | £1.00 mg/l | £38.00 mmHg |+5.00% Sat.

FMS_MCQW | 33.33 51.67 92.50 92.50
FMS_MCQO 94.17 97.50 97.50 95.00

Table 18. Percentage of time during the simulation wher e the computed valueis
within the given variance compared to the measurements. FMS-BC

Boundary Conditionsusing Temporary Monitored Field Data

Comparisons between the measurements and simul ations using an upsteam boundary
condition devel oped from the furthest upstream temporary gas monitor and the gas
monitor located at the draft tube are shown in the Figures below. This case is denoted as
TM-BC in the figure captions.
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Figure 67. Temperature and total dissolved gastime series comparisons near |ce
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Figure 68. Total dissolved gastime series comparisons near |ce Harbor Dam for the

Summer 1996 pool study (TM-BC).
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Figure 70. Total dissolved gastime series comparisons near the Ice Harbor Fixed
Monitor for the Summer 1996 pool study (TM-BC).
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Figure 71. Temperature and total dissolved gastime series comparisons near Snake
River Mile 6.1 for the Summer 1996 pool study.
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Figure 72. Total dissolved gastime series comparisons near Snake River Mile 6.1 for
the Summer 1996 pool study (TM-BC).
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Figure 73. Temperature and total dissolved gastime series comparisons near Snake
River Mile 2.2 for the Summer 1996 pool study (TM-BC).
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Figure 74. Total dissolved gastime series comparisons near Snake River Mile 2.2 for
the Summer 1996 pool study (TM-BC).

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool

67

22

20

18

Temperature (C)

12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:0
Jul Jul Jul Jul Jul Jul Jul Jul
7 8 8 9 9 10 10 11
36
34 — —
> | |
£
P L _
©
O
8
(=)
<
°
'_
28 L L ‘ L L ‘ L L ‘ L L ‘ L L ‘ L L ‘ L L
12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:0
Jul Jul Jul Jul Jul Jul Jul Jul
7 8 8 9 9 10 10 11

Observed @ MCN32613P —~—  Simulated @ MCN32613P
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Figure 76. Total dissolved gas at Columbia River Mile 326.1. Note that this monitor
supplied the model boundary conditions at Clover Island (TM-BC).
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Figure 77. Temperature and total dissolved gas time series comparisons near
Columbia River Mile 323.5 for the Summer 1996 pool study (TM-BC).
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Figure 78. Total dissolved gastime series comparisons near Columbia River Mile

323.5 for the Summer 1996 pool study (TM-BC).
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Figure 79. Temperature and total dissolved gas time series comparisons near
Columbia River Mile 314 for the Summer 1996 pool study (TM-BC).
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Figure 80. Total dissolved gastime series comparisons near Columbia River Mile

314 for the Summer 1996 pool study (TM-BC).
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Figure 81. Temperature and total dissolved gastime series comparisons near
Columbia River Mile 306 for the Summer 1996 pool study (TM-BC).
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Figure 82. Total dissolved gastime series comparisons near Columbia River Mile
306 for the Summer 1996 pool study (TM-BC).
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Figure 83. Temperature and total dissolved gastime series comparisons at the
McNary Fixed Monitor for the Summer 1996 pool study (TM-BC).
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Figure 84. Total dissolved gastime series comparisons at the McNary Fixed Monitor
for the Summer 1996 pool study (TM-BC).
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)
IHRGWXBP 17.56 17.45 0.62 0.62 0.16
IHRGWCBMP 17.52 17.45 0.61 0.62 0.14
IHRGWXCP 17.48 17.45 0.62 0.62 0.13
IHRGWXDP 17.58 17.45 0.63 0.62 0.18
Concentration (mg/l)
IHRGWXBP 30.87 29.95 0.45 0.66 1.03
IHRGWCBMP 31.88 29.95 0.53 0.67 2.03
IHRGWXCP 31.98 32.00 0.52 0.50 0.14
IHRGWXDP 32.79 32.80 0.54 0.52 0.16
Gas Pressure (mmHg)

IHRGWXBP 889.83 862.30 8.21 15.94 |30.30
IHRGWCBMP 917.82 862.42 12.49 16.18 |58.20
IHRGWXCP 919.90 920.44 12.58 12.47 4.05
IHRGWXDP 944 .51 943.12 8.59 7.62 5.00

% Saturation
IHRGWXBP 117.79 114.15 1.32 2.53 4.00
IHRGWCBMP 121.50 114.16 1.81 2.56 7.71
IHRGWXCP 121.77 121.84 1.80 1.81 0.54
IHRGWXDP 125.03 124.84 1.09 0.90 0.67

Table 19. Statistical summary of measurements and simulations near 1ce Har bor
Dam for the Summer 1996 pool study (TM-BC).

Station £1.00C +1.00 mg/l £38.00 mmHg [+5.00% Sat.
IHRGWXBP 100 55.12 73.14 74.20
IHRGWCBMP 100 4.59 13.78 13.78
IHRGWXCP 100 100 100 100
IHRGWXDP 100 100 100 100

Table 20. Per centage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measurements. Stations near |ce Harbor
Dam for the Summer 1996 pool study (TM-BC).
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
FMS_IDSW 17.42 17.54 0.69 0.60 0.21

Concentration (mg/l)
FMS_IDSW 31.61 31.77 0.48 0.46 0.33

Gas Pressure (mmHg)
FMS_IDSW 908.40 915.44 4.45 9.15 10.65

% Saturation
FMS_IDSW 120.32 121.26 0.50 1.38 1.43

Table 21. Statistical summary of measurements and simulations for the Summer
1996 pool study (TM-BC).

Station +1.00 C +1.00 mg/l | £38.00 mmHg |+5.00% Sat.

FMS_IDSW 100 100 100 100

Table 22. Per centage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measur ements.

Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
MCNO00225P 17.57 17.55 0.64 0.68 0.29
MCNO00221P 17.55 17.55 0.64 0.68 0.28
MCNO00223P 17.57 17.55 0.69 0.68 0.28

Concentration (mg/l)

MCNO00225P 34.68 31.17 0.78 0.48 3.56
MCNO00221P 29.99 30.73 0.40 0.48 0.76
MCNO00223P 29.43 30.57 0.40 0.47 1.18

Gas Pressure (mmHg)

MCNO00225P 997.99 898.76 17.98 12.42 100.98
MCNO00221P 864.59 886.17 11.60 13.07 22.41
MCNO00223P 849.10 881.73 11.59 12.95 33.76

% Saturation

MCNO00225P 132.11 118.97 2.83 1.87 13.38
MCNO00221P 114.45 117.31 1.80 2.00 2.97
MCNO00223P 112.40 116.72 1.86 2.01 4.47

Table 23. Statistical summary of measurements and simulations for the Summer
1996 pool study (TM-BC).
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Station +1.00C | +1.00 mg/l | £38.00 mmHg [+5.00% Sat.

MCNO00225P 98.23 0.00 0.35 0.35
MCNO00221P 98.23 95.41 96.82 96.82
MCNO00223P 98.23 32.51 71.02 71.38

Table 24. Per centage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measur ements.

Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
MCNO00624P 17.66 17.47 0.63 0.62 0.25
MCNO00612P 17.73 17.47 0.48 0.62 0.37
MCNO00615P 17.68 17.52 0.64 0.66 0.24
IHR00615B 17.80 17.48 0.63 0.62 0.37

Concentration (mg/l)

MCNO00624P 30.79 31.35 0.40 0.50 0.63
MCNO00612P 31.54 31.56 0.57 0.47 0.79
MCNOO0615P 29.58 30.07 0.48 0.55 0.54
IHR00615B 31.43 31.76 0.42 0.45 0.46

Gas Pressure (mmHg)

MCNO00624P 889.23 902.42 7.70 13.11 15.02
MCNO00612P 911.79 908.45 20.92 11.68 19.41
MCNOO0615P 855.22 867.08 12.61 14.09 13.28
IHR00615B 910.08 914.05 451 10.05 9.03

% Saturation

MCNO00624P 117.71 119.46 1.33 2.04 1.99
MCNO00612P 120.87 120.25 2.96 1.83 2.86
MCNO00615P 113.21 114.78 2.05 2.26 1.76
IHRO0615B 120.47 121.00 0.63 1.59 1.21

Table 25. Statistical summary of measurements and simulations for the Summer
1996 pool study (TM-BC).

Station +1.00C | £1.00 mg/l | £38.00 mmHg [+5.00% Sat.

MCNO00624P 99.65 90.11 99.65 99.65
MCNO00612P 99.65 74.91 90.81 85.51
MCNOO0615P 99.29 97.88 98.59 98.59
IHR00615B 99.65 99.65 100 100

Table 26. Per centage of time during the simulation wher e the computed valueis
within the given variance compared to the measur ements.
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
MCN32613P 16.76 16.79 0.34 0.32 0.09

Concentration (mg/l)
MCN32613P 31.07 31.08 0.56 0.55 0.09

Gas Pressure (mmHg)
MCN32613P 881.77 883.02 18.63 18.51 3.38

% Saturation
MCN32613P 116.73 116.90 2.94 2.91 0.44

Table 27. Statistical summary of measurements and simulations for the Summer
1996 pool study (TM-BC).

Station +1.00 C | £1.00 mg/l | £38.00 mmHg |+5.00% Sat.

MCN32613P 100 100 100 100

Table 28. Per centage of time during the simulation wher e the computed valueis
within the given variance compared to the measur ements.
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)
MCN32353P 16.92 16.79 0.34 0.32 0.20
MCN32352P 17.01 16.85 0.32 0.30 0.22
MCN32351P 17.25 17.53 0.39 0.65 0.54
Concentration (mg/l)
MCN32353P 30.91 31.08 0.52 0.55 0.22
MCN32352P 31.06 31.09 0.39 0.53 0.23
MCN32351P 30.57 30.78 0.42 0.43 0.40
Gas Pressure (mmHg)

MCN32353P 879.71 883.06 16.73 18.44 5.65
MCN32352P 885.47 884.23 12.66 17.78 6.82
MCN32351P 875.84 887.24 12.88 13.58 14.86

% Saturation
MCN32353P 116.46 116.90 2.67 2.90 0.75
MCN32352P 117.22 117.05 2.15 2.81 0.90
MCN32351P 115.94 117.45 2.08 2.05 1.96

Table 29. Statistical summary of measurements and simulations for the Summer
1996 pool study (TM-BC).

Station £#1.00C | £1.00 mg/l | *38.00 mmHg |+5.00% Sat.
MCN32353P 100 100 100 100
MCN32352P 100 100 100 100
MCN32351P | 90.81 98.94 98.23 98.23

Table 30. Percentage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measurements.

Battelle, Pacific Northwest Division

February 1999
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
MCN31423P 17.10 17.08 0.34 0.34 0.20
MCN31422P 17.75 18.28 0.47 0.50 0.64
MCN31421P 17.33 17.28 0.41 0.40 0.32
MCN31424P 16.99 16.95 0.33 0.34 0.16

Concentration (mg/l)

MCN31423P 30.81 31.03 0.50 0.46 0.27
MCN31422P 29.89 30.88 0.85 0.30 1.37
MCN31421P 30.31 30.98 0.57 0.41 0.86
MCN31424P 30.93 31.07 0.57 0.53 0.22

Gas Pressure (mmHg)

MCN31423P 880.35 886.67 17.04 16.04 8.64
MCN31422P 865.07 903.12 23.03 14.48 47.01
MCN31421P 869.98 888.70 15.37 14.67 23.18
MCN31424P 881.67 885.51 18.91 18.47 7.28

% Saturation

MCN31423P 116.54 117.38 2.68 2.54 1.14
MCN31422P 114.52 119.55 3.33 2.24 6.23
MCN31421P 115.17 117.64 2.32 2.34 3.07
MCN31424P 116.71 117.22 2.96 2.86 0.96

Table 31. Statistical summary of measurements and simulations for the Summer
1996 pool study (TM-BC).

Station +1.00C +1.00 mg/l £38.00 mmHg [+5.00% Sat.
MCN31423P 100 100 100 100
MCN31422P 92.93 63.25 63.25 63.25
MCN31421P 98.59 77.03 88.69 89.05
MCN31424P 100 100 100 100

Table 32. Per centage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measur ements.

Battelle, Pacific Northwest Division February 1999
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
MCN30661P 17.33 17.80 0.37 0.85 0.84
MCN30663P 17.24 17.34 0.35 0.33 0.30

Concentration (mg/l)
MCN30661P 30.00 31.16 0.42 0.65 1.42
MCN30663P 30.52 31.01 0.43 0.41 0.53

Gas Pressure (mmHg)
MCN30661P 861.47 902.68 13.69 14.41 44.43
MCN30663P 874.53 890.53 14.35 14.67 18.03

% Saturation
MCN30661P 114.04 119.49 2.27 1.97 5.86
MCN30663P 115.77 117.89 2.38 2.31 2.38

Table 33. Statistical summary of measurements and simulations for the Summer
1996 pool study (TM-BC).

Station +1.00C | +1.00 mg/l | +38.00 mmHg ([+5.00% Sat.

MCN30661P 81.27 51.24 42.76 43.82
MCN30663P 100 100 100 100

Table 34. Percentage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measur ements.

Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
FMS_MCQW 18.94 17.03 0.52 1.78 2.71
FMS_MCQO 17.82 17.36 0.70 1.88 2.22

Concentration (mg/l)
FMS_MCQW 30.28 31.69 0.33 1.14 1.93
FMS_MCQO 30.33 31.47 0.23 1.05 1.60

Gas Pressure (mmHg)
FMS_MCQW 896.46 903.28 8.27 1494 |18.27
FMS_MCQO 878.91 902.93 13.50 13.59 |28.08

% Saturation
FMS_MCQW 118.43 119.73 1.48 1.84 2.69
FMS_MCQO 116.12 119.69 1.64 1.69 4.12

Table 35. Statistical summary of measurements and simulations for the Summer
1996 pool study (TM-BC).

Battelle, Pacific Northwest Division February 1999
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Station +1.00 C +1.00 mg/l +38.00 mmHg (+5.00% Sat.
FMS_MCQW 25.87 36.36 100 100
FMS_MCQO 89.51 65.73 85.31 72.03

Table 36. Per centage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measur ements.

Battelle, Pacific Northwest Division
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Figure 85. Total dissolved gas ssimulated distribution near Ice Harbor Dam on 7-8-
1996 (TM-BC). The monitorsare color coded to their measured saturation.
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Figure 86. Total dissolved gas simulated distribution near Snake River Mile 6 on 7-
8-1996 (TM-BC). The monitors are color coded to their measured saturation.

Battelle, Pacific Northwest Division February 1999
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Figure 87. Total dissolved gas ssimulated distribution at the confluence of the
Columbia and Snake Riverson 7-8-1996 (TM-BC). The monitorsare color coded to
their measured saturation.
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Figure 88. Total dissolved gas simulated distribution near Columbia River Mile 314 on 7-8-1996
(TM-BC). The monitorsare color coded to their measured saturation.
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Figure 89. Total dissolved gas simulated distribution near Columbia River Mile
306.5 on 7-8-1996 (TM-BC). The monitorsare color coded to their measur ed

saturation.
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Figure 90. Simulated temperaturedistribution near |ce Harbor Dam 7-8-1996 (TM -
BC). Themonitorsare color coded to their measured temperature.
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Temp: 16 165 17 17.5 18 185 19 195 20

Figure91. Smulated temperaturedistribution near Snake River Mile 6 7-8-1996
(TM-BC). Themonitorsare color coded to their measured temperature.
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Figure 92. Simulated temperaturedistribution at the confluence of the Columbia
and Snake Riverson 7-8-1996 (TM-BC). The monitorsare color coded to their
measur ed temper ature.

Battelle, Pacific Northwest Division February 1999
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Figure 93. Simulated temperaturedistribution near Columbia River Mile 314 7-8-
1996 (TM-BC). The monitorsare color coded to their measured temper ature.

Temp: 16 165 17 17.5 18 185 19 195 20

Figure 94. Smulated temperaturedistribution near Columbia River Mile 306.5 7-8-
1996 (TM-BC). The monitorsare color coded to their measured temperature.

Battelle, Pacific Northwest Division February 1999
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1.4.2 1996 Spring Simulation

Comparisons between the measurements and simul ations using an upsteam boundary
condition devel oped from the furthest upstream gas monitor and the gas monitor located
at the draft tube are shown in the Figures below.

Battelle, Pacific Northwest Division February 1999
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Figure 95. Temperature and total dissolved gastime series comparisons near |ce
Harbor Dam for the Spring 1996 pool study.
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Figure 97. Total dissolved gastime series comparisons near Snake River Mile 8.9 for
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Figure 98. Temperature and total dissolved gastime series comparisons near Ice
Harbor Fixed Monitor for the Spring 1996 pool study.
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Figure 99. Total dissolved gastime series comparisons near Ice Harbor Fixed
Monitor for the Spring 1996 pool study.
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Figure 100. Temperature and total dissolved gastime series comparisons near

Snake River Mile 6.1 for the Spring 1996 pool study.
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Figure 101. Total dissolved gastime series comparisons near Snake River Mile 6.1
for the Spring 1996 pool study.
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Figure 102. Temperature and total dissolved gastime series comparisons near
Snake River Mile 2.2 for the Spring 1996 pool study.
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Figure 103. Total dissolved gastime series comparisons near Snake River Mile 2.2

for the Spring 1996 pool study.
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Figure 104. Temperature and total dissolved gas concentration at Columbia River
Mile 326.1. Note that this monitor supplied the model boundary conditions at

Clover Island.

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool 102

1000

950 — —

Total Diss. Gas Press. (mmHg)

850 — —

800 \ \ | \ \ | \ \ \ | \ \ \ | , , | , ,

0“%:00 1'\%:00 0“%:00 1'\%:00 0“%:00 1'\%:00 0“%:00
a a a a a a a

Gy 6y 7y 7y 8y 8y 9y

140

130

120

Total Diss. Gas % Sat.

110

100 L Il Il ‘ Il ‘ ‘ Il ‘ Il ‘
0'\(/)I:OO 1’\%:00 0'\(/)I:OO 1’\%:00 0'\(/)I:OO 1’\%:00
a a a a a a
GY 6y 7y 7y 8y 8y

9\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\

o
©5
<

Observed @ MCN32613P ——x— Simulated @ MCN32613P

Figure 105. Total dissolved gas concentration at Columbia River Mile 326.1. Note
that thismonitor supplied the model boundary conditions at Clover Island.
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Figure 106. Temperature and total dissolved gastime series comparisons near
Columbia River Mile 323.5 for the Spring 1996 pool study.
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Figure 107. Total dissolved gastime series comparisons near Columbia River Mile
323.5 for the Spring 1996 pool study.
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Figure 108. Temperature and total dissolved gastime series comparisons near

Columbia River Mile 314.2 for the Spring 1996 pool study.
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Figure 109. Total dissolved gastime series comparisons near Columbia River Mile
314.2 for the Spring 1996 pool study.
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Figure 110. Temperature and total dissolved gastime series comparisons near

Columbia River Mile 312.3 for the Spring 1996 pool study.
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Figure 111. Total dissolved gastime series comparisons near Columbia River Mile
312.3 for the Spring 1996 pool study.
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Figure 112. Temperature and total dissolved gastime series comparisons near
Columbia River Mile 309.4 for the Spring 1996 pool study.

Battelle, Pacific Northwest Division February 1999
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Figure 113. Total dissolved gastime series comparisons near Columbia River Mile
309.4 for the Spring 1996 pool study.

Battelle, Pacific Northwest Division February 1999
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Figure 114. Temperature and total dissolved gastime series comparisons near

Columbia River Mile 302.4 for the Spring 1996 pool study.
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Figure 115. Total dissolved gastime series comparisons near Columbia River Mile
302.4 for the Spring 1996 pool study.

Battelle, Pacific Northwest Division February 1999
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Figure 116. Temperature and total dissolved gastime series comparisonsin the
McNary Dam forebay near Columbia River Mile 293 for the Spring 1996 pool

study.
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Figure 117. Total dissolved gastime series comparisonsin the McNary Dam forebay
near Columbia River Mile 293 for the Spring 1996 pool study.
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Figure 118. Temperature and total dissolved gastime series comparisons at the
McNary Dam Fixed Monitorsfor the Spring 1996 pool study.
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Figure 119. Total dissolved gastime series comparisons at the McNary Dam Fixed
Monitorsfor the Spring 1996 pool study.
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Station Measured | Simulated | Measured | Simulated RMS
Ave. Ave. Std.Dev | Std.Dev. Error

Temperature (°C)
FMS_IDSW 11.53 11.25 0.19 0.14 0.32

Concentration (mg/l)
FMS_IDSW 35.5 36.03 0.66 0.51 0.76

Gas Pressure (mmHg)
FMS_IDSW 902.41 910.63 17.21 12.27 17.08

% Saturation
FMS_IDSW 119.32 120.33 2.31 1.64 2.24

Table 38. Statistical summary of measurements and simulations near Ice Harbor
Dam for the Spring 1996 pool study.

Station |+£1.00 C|+1.00 mg/l|£38.00 mmHg|+5.00% Sat.

FMS_IDSW | 100 90.54 97.97 98.31

Table 39. Percentage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measur ements.

Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error

Temperature (°C)
IHRNLGWQ2P 10.99 11.30 0.07 0.08 0.32
IHRNLGWQ5P 10.99 11.30 0.08 0.08 0.32

Concentration (mg/l)
IHRNLGWQ2P 35.25 34.64 0.43 0.51 0.7
IHRNLGWQ5P 37.04 37.00 0.81 0.84 0.18

Gas Pressure (mmHg)
IHRNLGWQ2P 885.59 876.76 11.40 13.72 12.21
IHRNLGWQ5P 930.00 935.88 19.83 20.71 7.32

% Saturation
IHRNLGWQ2P 117.07 115.90 1.60 1.95 1.61
IHRNLGWQ5P 122.94 123.71 2.57 2.67 0.97

Table 40. Statistical summary of measurements and simulations for the Spring 1996
pool study.

Battelle, Pacific Northwest Division February 1999
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Station £1.00 C|+1.00 mg/I{x38.00 mmHg|+5.00% Sat.
IHRNLGWQ2P | 100 90.89 100 100
IHRNLGWQS5P | 100 99.60 100 100

Table 41. Percentage of time during the simulation wher e the computed valueis
within the given variance compared to the measur ements.

Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)

MCNOO0895P 11.09 11.31 0.07 0.08 0.22
MCNO00894P 10.98 11.31 0.07 0.08 0.33

Concentration (mg/l)
MCNOO0895P 36.52 36.46 0.78 0.69 0.35
MCNO00894P 34.47 34.83 0.48 0.47 0.38

Gas Pressure (mmHg)
MCNOO0895P 919.33 922.41 19.02 17.33 9.31
MCNO00894P 865.90 881.58 12.84 12.69 15.99

% Saturation

MCNOO0895P 121.53 121.93 2.43 2.26 1.23
MCNO00894P 114.47 116.54 1.83 1.81 2.11

Table 42. Statistical summary of measurements and simulationsfor the Spring 1996

pool study.

Station £1.00 C | £1.00 mg/l | £38.00 mmHg |+5.00% Sat.
MCNO0O0895P 100 98.77 99.80 99.80
MCNO00894P 100 98.98 100 100

Table 43. Percentage of time during the simulation wher e the computed valueis
within the given variance compared to the measur ements.

Battelle, Pacific Northwest Division

February 1999
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)

MCNO00612P 11.01 11.34 0.12 0.12 0.33
MCNO00615P 10.98 11.33 0.08 0.07 0.36
MCNO00611P 11.11 11.34 0.17 0.16 0.25

Concentration (mg/l)
MCNO00612P 35.08 35.02 0.27 0.29 0.19
MCNO00615P 36.04 35.47 0.51 0.37 0.94
MCNO00611P 34.88 34.89 0.33 0.29 0.21

Gas Pressure (mmHg)
MCNO00612P 881.66 886.99 8.37 8.18 6.88
MCNO00615P 905.09 898.27 12.35 9.66 19.86
MCNO00611P 878.56 883.81 10.51 8.43 7.46

% Saturation

MCNO00612P 116.6 117.31 1.21 1.19 0.91
MCNO00615P 119.7 118.8 1.66 1.31 2.62
MCNO00611P 116.19 116.88 1.47 1.24 0.99

Table 44. Statistical summary of measurements and simulations for the Spring 1996

pool study.

Station +1.00 C|+1.00 mg/I{x38.00 mmHg| * 5.00% Sat
MCNO0612P | 100 100 100 100
MCNO0615P | 100 69.67 94.34 94.09
MCNO0611P | 100 99.49 100 100

Table 45. Percentage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measur ements.

Battelle, Pacific Northwest Division

February 1999
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)

MCNO00221P 11.05 11.26 0.24 0.21 0.24
MCNO00223P 11.00 11.27 0.17 0.21 0.27
MCNO00225P 11.00 11.27 0.18 0.23 0.29

Concentration (mg/l)
MCNO00221P 34.29 35.71 0.42 0.47 1.52
MCNO00223P 34.25 35.27 0.35 0.51 1.11
MCNO00225P 35.64 35.07 0.42 0.57 0.88

Gas Pressure (mmHg)
MCNO00221P 862.72 902.82 13.22 10.77 42.45
MCNO00223P 860.83 891.99 10.60 12.03 32.64
MCNO00225P 895.32 887.02 10.82 13.6 18.51

% Saturation

MCNO00221P 114.00 119.29 1.88 1.46 5.61
MCNO00223P 113.74 117.86 1.52 1.67 4.31
MCNO00225P 118.30 117.21 1.38 1.88 2.44

Table 46. Statistical summary of measurements and simulations for the Spring 1996

pool study.

Station +1.00 C| £1.00 mg/l | £38.00 mmHg | *5.00% Sat
MCNO00221P | 100 30.41 44.26 44.26
MCNO00223P | 100 70.61 82.43 82.43
MCNO00225P | 100 75 95.61 95.27

Table 47. Percentage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measur ements.

Battelle, Pacific Northwest Division

February 1999
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)
MCN32613P 9.07 9.08 0.25 0.24 0.05
Concentration (mg/l)
MCN32613P 36.39 36.39 0.29 0.29 0.03
Gas Pressure (mmHg)
MCN32613P 875.54 876.00 9.62 9.55 1.11
% Saturation
MCN32613P 115.69 115.75 1.42 1.41 0.15
Table 48. Statistical summary of measurements and simulationsfor the Spring 1996
Station £1.00C | £1.00 mg/l | £38.00 mmHg (+5.00% Sat.
MCN32613P 100 100 100 100

Table 49. Percentage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measur ements.

Battelle, Pacific Northwest Division
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)
MCN32355P 9.31 9.24 0.20 0.12 0.21
MCN32354P 9.25 9.22 0.16 0.13 0.06
MCN32352P 10.13 10.62 0.32 0.32 0.57
MCN32351P 11.15 11.43 0.30 0.34 0.41
Concentration (mg/l)
MCN32355P 36.99 36.40 0.27 0.24 0.67
MCN32354P 37.13 36.39 0.24 0.24 0.74
MCN32352P 36.39 35.80 0.30 0.23 0.65
MCN32351P 34.55 35.24 0.49 0.26 0.80
Gas Pressure (mmHg)

MCN32355P 894.52 879.48 7.56 7.09 18.09
MCN32354P 896.36 879.01 7.07 7.05 17.41
MCN32352P 896.34 892.27 7.74 6.85 7.62
MCN32351P 871.16 894.56 15.02 10.08 25.42

% Saturation
MCN32355P 118.21 116.28 1.16 1.09 2.37
MCN32354P 118.52 116.22 1.08 1.08 2.31
MCN32352P 118.53 117.97 1.04 0.97 1.03
MCN32351P 115.12 118.27 1.92 1.35 3.42

Table 50. Statistical summary of measurements and simulations for the Spring 1996

pool study.

Station +1.00 C | £1.00 mg/l | +£38.00 mmHg [+5.00% Sat.
MCN32355P 100 89.44 97.10 97.10
MCN32354P 100 100 100 100
MCN32352P | 97.52 94.41 100 100
MCN32351P | 97.52 74.95 90.89 89.03

Table 51. Percentage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measur ements.

Battelle, Pacific Northwest Division

February 1999
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pool study.

Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)
MCN31422P 10.91 10.41 0.38 0.26 0.54
Concentration (mg/l)
MCN31422P 35.04 35.82 0.64 0.09 1.03
Gas Pressure (mmHg)
MCN31422P 878.71 888.70 16.36 521 19.51
% Saturation
MCN31422P 116.14 117.52 2.11 0.88 2.60
Table 52. Statistical summary of measurements and simulationsfor the Spring 1996
Station +1.00C | £1.00 mg/l | +38.00 mmHg [+5.00% Sat.
MCN31422P 98.97 69.51 92.76 92.76

Table 53. Per centage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measur ements.

Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)
MCN31233P 10.23 9.96 0.33 0.17 0.40
Concentration (mg/l)
MCN31233P 35.84 36.00 0.37 0.13 0.40
Gas Pressure (mmHg)

MCN31233P 885.27 884.28 8.46 5.38 8.39

% Saturation
MCN31233P 117.01 116.94 1.18 0.95 1.08

Table 54. Statistical summary of measurements and simulationsfor the Spring 1996

pool study.

Battelle, Pacific Northwest Division
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Station

+1.00 C

+1.00 mg/l

+38.00 mmHg

+5.00% Sat.

MCN31233P

100

95.87

99.74

99.74

Table 55. Percentage of time during the simulation wher e the computed valueis
within the given variance compared to the measur ements.

Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)
MCN30945P 9.74 9.46 0.18 0.21 0.31
MCN30941P 10.48 10.82 0.21 0.18 0.40
Concentration (mg/l)
MCN30945P 36.06 36.31 0.26 0.26 0.45
MCN30941P 35.33 35.61 0.46 0.09 0.54
Gas Pressure (mmHg)

MCN30945P 881.13 881.58 7.21 7.73 9.04
MCN30941P 877.65 891.48 9.58 3.04 17.38

% Saturation
MCN30945P 116.47 116.59 1.10 1.28 1.18
MCN30941P 116.01 117.90 1.13 0.51 2.33

Table 56. Statistical summary of measurements and simulationsfor the Spring 1996

pool study.

Station +1.00 C | £1.00 mg/l | £38.00 mmHg (+5.00% Sat.
MCN30945P | 100 93.11 100 100
MCN30941P | 100 92.09 96.17 95.92

Table 57. Percentage of time during the simulation wher e the computed valueis
within the given variance compar ed to the measur ements.

Battelle, Pacific Northwest Division

February 1999
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Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)
MCN30241P 10.18 10.8 0.28 0.22 0.72
MCN30245P 10.18 9.44 0.09 0.09 0.75
Concentration (mg/l)
MCN30241P 35.24 35.63 0.51 0.09 0.67
MCN30245P 35.16 36.32 0.36 0.27 1.28
Gas Pressure (mmHg)

MCN30241P 869.54 891.78 8.25 4.37 23.93
MCN30245P 867.57 881.55 8.58 6.68 19.19

% Saturation
MCN30241P 114.94 117.94 1.21 0.62 3.23
MCN30245P 114.68 116.59 1.19 1.11 2.53

Table 58. Statistical summary of measurements and simulationsfor the Spring 1996

pool study.

Station £1.00 C | £1.00 mg/l | £38.00 mmHg (+5.00% Sat.
MCN30241P | 76.88 86.68 95.48 95.48
MCN30245P | 100 31.91 95.23 94.72

Table 59. Per centage of time during the simulation where the computed valueis

within the given variance compar ed to the measur ements.

Battelle, Pacific Northwest Division

February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool 126
Station Measured | Simulated | Measured | Simulated | RMS
Ave. Ave. Std.Dev | Std.Dev. | Error
Temperature (°C)
FMS_MCQW 10.40 11.85 0.32 5.26 5.66
FMS_MCQO 9.77 13.16 0.50 5.01 6.22
Concentration (mg/l)
FMS_MCQW 34.38 34.48 0.38 4.00 4.23
FMS_MCQO 35.61 33.66 0.40 3.89 4.64
Gas Pressure (mmHg)
FMS_MCQW 852.72 872.39 8.38 22.53 31.20
FMS_MCQO 870.54 876.76 9.79 23.97 29.72
% Saturation
FMS_MCQW 114.43 115.28 1.27 3.11 3.31
FMS_MCQO 115.03 115.85 1.38 3.28 3.92

Table 60. Statistical summary of measurements and simulationsfor the Spring 1996

pool study.

Station +1.00 C|+1.00 mg/I{+38.00 mmHg|+5.00% Sat.
FMS_MCQW | 22.64 3.38 72.30 86.49
FMS_MCQO | 65.20 | 72.30 84.80 84.80

Table 61. Percentage of time during the simulation wher e the computed valueis
within the given variance compared to the measur ements.

Battelle, Pacific Northwest Division

February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool 127

“ O HRNLGWQBP

O MCNOB895P

O HRNLGWQ2P

© MCN00894P

. 05-09-1996 12:00:00

%Sat: 100 103 106 109 112 115 118 121 124 127 130

Figure 120. Total dissolved gas simulated distribution near Ice Harbor Dam on 5-9-
1996. The monitorsare color coded to their measured concentration.
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Figure 121. Total dissolved gas simulated distribution near Snake River Mile 6.1 on
5-9-1996. The monitorsare color coded to their measured concentration.
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Figure 122. Total dissolved gas simulated distribution at the confluence of the
Columbia and Snake Riverson 5-9-1996. The monitors are color coded to their
measured concentration.
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Figure 123. Total dissolved gas simulated distribution near Columbia River Mile
320 on 5-9-1996. The monitors are color coded to their measured concentration.
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Figure 124. Total dissolved gas ssmulated distribution at Wallula Gap near
Columbia River Mile 313 on 5-9-1996. The monitors are color coded to their
measur ed concentration.
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Figure 125. Total dissolved gas simulated distribution near Columbia River Mile
309 on 5-9-1996. The monitors are color coded to their measured concentration.

Battelle, Pacific Northwest Division February 1999
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Figure 126. Total dissolved gas simulated distribution near Columbia River Mile
302 on 5-9-1996. The monitors are color coded to their measured concentration.
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Figure 127. Total dissolved gas simulated distribution in the McNary Dam for ebay
near Columbia River Mile 293 on 5-9-1996. The monitors are color coded to their

measur ed concentration.
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Figure 128. Simulated temperature distribution near Ice Harbor Dam on 5-9-1996.
The monitorsare color coded to their measured temperature.
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Figure 129. Simulated temperature distribution near Snake River Mile 6.1 on 5-9-
1996. Themonitorsare color coded to their measured temperature.
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Figure 130. Simulated temperature distribution at the confluence of the Columbia
and Snake Riverson 5-9-1996. The monitorsare color coded to their measured
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Figure 131. Simulated temperaturedistribution near Columbia River Mile 320 on 5-
9-1996. The monitorsare color coded to their measur ed temper ature.
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Figure 132. Simulated temperaturedistribution at Wallula Gap near Columbia
River Mile 313 on 5-9-1996. The monitorsare color coded to their measured
temperature.
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Figure 133. Simulated temperaturedistribution near Columbia River Mile 309 on 5-
9-1996. The monitorsare color coded to their measur ed temper ature.
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Figure 134. Simulated temperaturedistribution near Columbia River Mile 302 on 5-
9-1996. The monitorsare color coded to their measured temperature.
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Figure 135. Simulated temperatur e distribution in the McNary Dam for ebay near
Columbia River Mile 293 on 5-9-1996. The monitors are color coded to their
measur ed temper ature.
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1.4.3 1997 Spring Simulation

Additional model verification will be done using the Spring 1997 pool study data. The
model was configured to use boundary conditions devel oped from the temporary field
study monitors located at Snake River Mile 6.1 instead of information at |ce Harbor Dam.
The hydrodynamics were simulated using hourly spillway and powerhouse discharges at
Ice Harbor Dam. The results of these simulations are shown in Figure 136 through Figure
150.

Battelle, Pacific Northwest Division February 1999
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Figure 136. Temperature and total dissolved gastime series comparisons near
Snake River Mile 6.1 for the Spring 1997 pool study. These data were used for the
upstream model water quality boundary conditions.
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Figure 137. Total dissolved gastime series comparisons near Snake River Mile 6.1
for the Spring 1997 pool study. These data were used for the upstream model water
quality boundary conditions.
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Harbor Fixed Monitor for the Spring 1997 pool study.
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Figure 139. Total dissolved gastime series comparisons near |ce Harbor Fixed
Monitor for the Spring 1997 pool study.
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Figure 140. Temperature and total dissolved gastime series comparisons near
Snake River Mile 2.2 for the Spring 1997 pool study.

Battelle, Pacific Northwest Division February 1999



DGAS Flow and Transport Modeling — Part 6: McNary Pool

141

1000

950

o—n%

900

850

Total Diss. Gas Press. (mmHg)

800

~
a1

o
NS>0

o T T

(@]

~T 5
=

. | . . . | . . . | . . . | . . . | . . . | .
12:00 00:00 12:00 00:00 12:00 00:00
A%r Apr Apr Apr Apr Apr
2 28 28 29 29 30

I | I I I
1%:00 0'3:00
r a
® ’

140

130

120

Total Diss. Gas % Sat.

110

‘1/3:‘00‘ ‘02!00‘ ‘1&!00‘ ‘02:‘00‘ ‘ ‘1&!00‘ ‘ ‘02500‘
r r r r r r
by bl bl 2 29 R
Observed @ MCN00225P —«——  Simulated

MCN
Observed @ MCN00224P =  Simulated @ MCN
Observed @ MCN00223P ———  Simulated MENOOZZC‘;P

MCN

o
nN2>O
QG

Observed @ MCN0O0222P ————  Simulated
Observed @ MCN00221P ——x— Simulated

P
lK:OO
r
i)

o
O
2o
o

Figure 141. Total dissolved gastime series comparisons near Snake River Mile 2.2

for the Spring 1997 pool study.
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Figure 142. Temperature and total dissolved gastime series comparisons near
Columbia River Mile 328.2 for the Spring 1997 pool study. Note that station
MCN32822 was used asthe upstream water quality boundary condition.
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Figure 143. Total dissolved gastime series comparisons near Columbia River Mile
328.2 for the Spring 1997 pool study. Notethat station M CN32822 was used asthe
upstream water quality boundary condition.
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Figure 144. Temperature and total dissolved gastime series comparisons near

Columbia River Mile 323.4 for the Spring 1997 pool study.
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Figure 145. Total dissolved gastime series comparisons near Columbia River Mile
323.4 for the Spring 1997 pool study.
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Figure 146. Temperature and total dissolved gastime series comparisons near
Columbia River Mile 313.3 for the Spring 1997 pool study.
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Figure 147. Total dissolved gastime series comparisons near Columbia River Mile
313.3 for the Spring 1997 pool study.
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Figure 148. Tempera